A new estimate of the threshold condition is proposed for shock-induced chemical reactions in inorganic powder mixtures. The condition is based on a concept of energy balance whereby a sudden increase in interface areas is equated to fluctuating local kinetic energy. Estimates based on the analysis for Ni/Al and Ti/Si compare well with recent real time measurements.
Introduction
Ultra fast chemical reactions are known to occur in high pressure shock compression of inorganic solid mixtures [1] . So far, two types of models have been proposed to explain the observed phenomena. The first type is based primarily on the overall input energy required (Hugoniot energy) to melt a certain critical amount of mixture constituents [2] [3] [4] . Thus, reactions in or with liquids are considered to be the reason for the speed of reactions. The other type attributes the initiation to heterogeneous mechanical processes such as plastic flow and mass mixing [5] [6] [7] . In this class of models, melting is not a prerequisite for chemical initiation. The rate of reactions is primarily controlled by the motion of particles that are accelerated at the shock wave front to a speed in the range of a few hundred meters to one kilometer per second. The initiation condition (there may be more than one) is considered to be a complex function of not only mechanical processes, but also particle morphology [8] . These two types of models are often contrasted by use of the phrases: "thermo-chemical" and "mechano-chemical". At present, both types of models are being pursued, even though recent real time measurements with a Ni/Al mixture showed unambiguously that the thermo-chemical model is in contradiction with experimental evidence and that the initiation is influenced primarily by mechanical processes inside the mixture and has no relation to the overall energy deposition [9] . There is also a study on morphological effects that disputes the thermochemical criteria [8] . In this paper, a new estimate of the threshold condition is proposed using the idea of energy balance.
Energy Balance
The new model is a variation of the previous idea in the reference [1] and combines several key observations. The first is that crystal lattice under shock compression is comminuted into small crystallites of 10 to 100 nanometers in diameter by plastic deformation and fracture [7] . The second is that shock compression of granular mixtures creates an intense local particle velocity fluctuation. The third is that the kinetic energy associated with the fluctuation may be transformed, at appropriate flow conditions, into the energy of mixing constituents at the crystallite level. The overall idea is schematically shown in Fig.1 .
In the previous paper [1] , the transformation is attributed to a turbulent-like plastic flow. In this paper, however, a concept of energy balance is considered without referring to any particular flow mechanisms. The idea is that used by Grady [10] for dynamic fragmentation of solids whereby interface created by fragmentation is governed by the balance of newly created surface energy and a local fluctuating kinetic energy. In the Grady's model, the principle is applied to a solid body expanding under dynamic loading, but the same idea can be applied to compression of powder mixtures. The difference is the factors that cause the local velocity fluctuation. In mixed powders, the fluctuation is created primarily by inherent heterogeneity of the materials. The fluctuating local kinetic energy of a mixed powder is a difficult quantity to calculate, but it may be approximated by the energy associated with simple shearing of the mixture in a cube of edge length 1 (a scale of the fluctuation) and a linear variation of transverse particle velocity over the length 1. Then, the energy density T is given by where i and j signify constituents, pi, ui, pi, ai, and D are partial density, particle velocity with respect to the shock 
